Pulsar wind nebulae (PWNe) are among the most extreme particle accelerators in galaxies, are recognized as multi-TeV electron/positron sources, and are one of the dominant classes of Galactic gamma-ray sources. Vela X is a nearby PWN at 290 pc from the Earth with large apparent size (> 1 • ). The H.E.S.S. array of imaging atmospheric Cherenkov telescopes has detected Vela X as one of the brightest known sources of TeV gamma rays. The bulk of the gamma-ray emission measured using H.E.S.S. coincides with an elongated structure known from X-ray observations and dubbed the cocoon, that seemingly emanates from the region of the pulsar wind termination shock. The spectral energy distribution of the cocoon peaks at around 10 TeV, and then presents a cutoff that can be precisely measured with H.E.S.S. owing to the extreme brightness of the source. Electrons radiating inverse-Compton gamma rays in the cutoff region are the same responsible for the X-ray synchrotron emission at energies > 1 keV. Therefore, Vela X provides a unique test case, in which we can constrain the densities and spectra of accelerated leptons in the cutoff regime, as well as the magnetic field properties, with minimal modeling assumptions. Thanks to the proximity/large apparent size of the source, this can be done in a spatially-resolved fashion across the PWN. We will present an analysis of H.E.S.S. data combined with X-ray data from the Suzaku space telescope. We will discuss implications for the mechanisms behind particle acceleration and transport, constrain the strength of the magnetic field in different locations in the nebula, and probe for magnetic field turbulence.
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Introduction
Vela X is one of the archetypal TeV pulsar wind nebulae (PWNe), i.e., a system in which relativistic particles from a pulsar wind emit gamma rays up to the highest observable energies. Owing to the proximity of this system (290 pc), and, thus, large apparent size (> 1 • ), and to its extreme brightness, Vela X is well resolved by gamma-ray atmospheric Cherenkov Telescopes. TeV gamma-ray emission is largely correlated with an elongated structure seen in X-rays dubbed the "cocoon", that extends from the pulsar wind termination shock for 1 • (5 pc) [1] .
Hydrodynamical simulations [2] suggest that the cocoon might have formed as a result of the supernova remnant reverse shock impact on the PWN. The cocoon spectrum measured by the H.E.S.S. telescopes extends beyond 60 TeV [1] , tracing extremely energetic particles (electrons with energies up to > 100 TeV). On the other hand, the typical magnetic field values of order ∼5 µG, suggested by X-ray observations, correspond to 100 TeV electron cooling times due to synchrotron energy losses of 4 kyr, much shorter than the age of the system of 20 kyr inferred from the hydrodynamical simulations. This suggests that efficient particle acceleration and/or transport is at play in the cocoon, the nature of which still remains an open question.
In this paper we present a joint analysis of three regions across the cocoon using X-ray data from the Suzaku space telescope and H.E.S.S. Synchrotron emission measured by Suzaku and inverse-Compton emission measured by H.E.S.S. trace the same parent electron population with energies from 30 TeV to > 100 TeV, where H.E.S.S. data are known to indicate a cutoff in the particle spectrum. By combining Suzaku and H.E.S.S. data we derive the shape of the electron spectrum cutoff, which encodes information on the acceleration and propagation mechanisms, and the properties of the magnetic fields in a spatially resolved fashion across the cocoon with minimal modeling assumptions.
Observations and Definition of Regions for Spectral Analysis
Owing to its field of view of 18 arcmin and good energy coverage up to 10 keV, the Suzaku X-ray Imaging Spectrometer (XIS) provides the best existing dataset to study the extended X-ray emission from electrons in the cutoff region from the Vela X cocoon. We use data from three observations performed with Suzaku in 2006. The three observations cover different regions across the cocoon, as illustrated in Fig. 1 , i.e., from North to South: 0) toward the Vela pulsar and inner PWN (60 ks), 1) and 2) toward the cocoon (61 ks and 18 ks, respectively). We combine Suzaku observations with gamma-ray data accumulated with H.E.S.S. from 2004 to 2016 as described below, for a total of > 100 h of livetime.
For each Suzaku pointing we derive the X-ray and gamma-ray spectral energy distributions (SEDs) from the very same extraction region, so that we can subsequently derive the electron and magnetic field properties. For pointing 1 and 2 we use a circular spectrum extraction region with a radius of 7.5 arcmin centred on the Suzaku boresight. For pointing 0 we select a smaller box extraction region at minimal distance from the pulsar of 3.6 arcmin (95% containment radius of the XIS point spread function, equivalent to 0.3 pc at the source distance) to exclude X-ray emission produced by thermal emission from the surface of the neutron star as well as by nonthermal magnetospheric processes. This also excludes from the analysis the innermost part of the PWN that shows a bright jet-torus structure in X rays [3] not resolved in TeV gamma rays. The spectrum extraction regions are shown in Fig. 1 . Regions used for spectral analysis (blue box and circles) are overlaid to two maps of the Vela X region. On the left: X-ray count map from the ROSAT survey at energies > 0.5 keV. On the right: significance map from H.E.S.S. at energies > 0.6 TeV (see text for details on how the map is derived). The red star indicates the position of the Vela pulsar and its size approximately corresponds to that of the jet-torus structure measured with Chandra [3] . Also shown in the left image: borders of the Suzaku field of view for the three pointings used in this paper (dashed green squares); 95% containment radius of the Suzaku point spread function around the Vela pulsar (dashed red circle).
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Analysis
We process the X-ray data using the Suzaku software and applying standard event screening criteria. We restrict the analysis to energies > 2.25 keV to exclude thermal emission from the Vela supernova remnant. We note that contamination from the Galactic ridge X-ray emission is negligible in our analysis regions. We evaluate the instrumental background based on night Earth's observations using the xisnxbgen tool. The spectra in all regions are well fitted with a single power law modified by a fixed Galactic interstellar absorption with hydrogen column density N H = 2.59 × 10 20 cm −2 [3] , on top of the cosmic X-ray background parametrised as in [4] . Based on this spectral analysis, we derive the X-ray SED in 10 energy bins between 2.25 keV and 9.5 keV. We add in quadrature to the statistical uncertainties a 10% systematic uncertainty on flux measurements [5] . Furthermore, we add to the uncertainty in the SED points of pointing 0 the estimated spillover into the analysis region from the region within 3.6 arcmin from the pulsar position, estimated assuming that all emission comes from a pointlike source at the position of the pulsar.
For this analysis focused on high energies, we use only gamma-ray data from the four 12 m diameter H.E.S.S. telescopes, selecting observing periods where at least three out of four of these telescopes were operational. Event reconstruction and analysis is based on a multivariate technique applied to the atmospheric shower image shape parameters [6] . All the results have been cross-checked with an independent calibration and analysis chain based on an air-shower model template approach [7] . In both analysis chains we use the most stringent selection criteria to exclude background from cosmic-ray showers. Furthermore, to ensure uniform energy thresholds among different observing times, thus reducing systematics, we include only candidate gamma-ray events with reconstructed energy > 0.6 TeV in the subsequent analysis.
The residual background from cosmic-ray showers is evaluated from data taken within the same pointing, excluding regions of the field of view that display significant gamma-ray emission according to the results of the H.E.S.S. Galactic Plane Survey, or where the brightness temperature at 44 GHz measured by Planck is > 1.5 mK (indicating the presence of relativistic electron populations that may radiate in gamma rays). The significance image in Fig. 1 (right) is estimated using the ring background method [8] , and subsequently applying the formula by Li & Ma [9] .
For the extraction of the spectra from the three analysis regions we apply the reflected background method [8] . The requirement to have at least two reflected regions for background estimation outside the exclusion region reduces the livetime to 70 h, 75 h, and 80 h for pointings 0, 1, and 2 respectively. We fit to the resulting count spectra power laws and power laws with exponential cutoffs. The latter result statistically preferred in pointings 1 and 2. For pointing 0 the best-fit exponential-cutoff power law has a cutoff energy consistent within statistical uncertainties with the other two regions, but the presence of a cutoff is not statistically significant (< 3σ ). Using the best-fit spectral function we derive a binned SED for each pointing, requiring that each SED point has a minimum statistical significance of 2σ . Statistical uncertainties in the SED points are combined in quadrature with systematic uncertainties of 40%, 31%, and 35% for pointings 0, 1, and 2 respectively, which result from adding 20% systematic uncertainties on the flux measurements [10] to the systematic differences found between the main and alternative analyses.
Multiwavelength Spectral Fitting with Radiative Models
We model the X-ray and gamma-ray SEDs with a simple radiative model that assumes a single population of relativistic electrons for each region with spectrum described by the formula
where N is electron number, E is electron energy, A is an electron number density that normalises the distribution, α is the spectral index of a power-law distribution with reference energy E 0 , multiplied by an exponential cutoff with cutoff energy E co and cutoff index β . The electrons produce X-ray emission through synchrotron radiation in a magnetic field, and, at the same time, gamma-ray emission through inverse-Compton scattering on low-energy photons from the Cosmic Microwave Background (CMB), and the diffuse infrared radiation from interstellar dust. For the latter we adopt the model by [11] at the position of Vela X. We use the naima software package [12] to calculate the model SEDs and perform a Markov Chain Monte Carlo (MCMC) fit of the electron spectrum and a uniform magnetic field strength to the multiwavelength data. Fig. 2 shows the three multiwavelength SEDs along with the models from the MCMC scans. Our simple leptonic model can naturally reproduce the data in all regions. Fig. 3 parameters posterior probability density functions (PDFs). The properties of the particle populations are remarkably uniform across the Vela X cocoon from the region immediately beyond the pulsar wind termination shock to a distance of 5 pc. The index of the electron cutoff is not well constrained by the observations. The magnetic field strengths are 9 ± 3 µG, 6.8 ± 0.9 µG, and 5.8 ± 1.0 µG, for pointings 0, 1, and 2 respectively.
Consistently with [13] , for regions 0 there are indications of a harder particle spectrum from the X-ray observations. This could be explained by a second particle population linked to the innermost region of the PWN, overlapping in the region from pointing 0 with the cocoon population. An alternative hypothesis that can be considered is the presence of turbulence in the magnetic fields. Magnetic turbulence would harden the X-ray synchrotron spectrum [14] . Magnetic turbulence is also expected to be present in conjunction with magnetic reconnection, that is a potential mechanism for fast particle acceleration inside the PWN (and has also been invoked to explain the flaring episodes of the other archetypal TeV PWN, the Crab nebula). We test the presence of magnetic turbulence against our data by performing a second MCMC scan in which we assume that synchrotron emission is produced on a two-component magnetic field with PDF:
The parameter a (between 0 and 1) defines the mixing of the two components, i.e., the turbulence level. The first component has uniform strength B RMS . The second component has a power-law strength distribution with index α between a minimum strength B min and a maximum strength B max . We take as an example α = 1.5 (Kraichnan spectrum), and we set B max = 100 × B RMS . The parameters C and B min are determined so that the PDF is normalised to 1, and the root-mean-square (RMS) expectation value of the magnetic field strength for the turbulent component is B RMS (since the synchrotron power is proportional to B 2 ). The only remaining free parameters are thus the mixing a and B RMS that are fit to the data along with the electron spectrum parameters as defined above. Fig. 4 shows that posterior PDF for these parameters for the three pointings. In pointing 0 the data cannot distinguish between the hypotheses of uniform or turbulent magnetic field. On the other hand, for pointing 1 and 2 we can constrain the level of turbulence to < 57% and < 56% (99% higher percentile of the posterior PDF), respectively, for the model considered.
H.E.S.S. 2017 Preliminary H.E.S.S. 2017 Preliminary Figure 4 : Posterior Probability Density Function (PDF) of the parameters describing the root-mean-square magnetic field strength and the mixing parameter between uniform and turbulent magnetic field components (Eq. 4.2) for the three pointings from the joint analysis of the Suzaku and H.E.S.S. spectral energy distributions.
Final Remarks
A simple model with a single population of electrons producing X-ray synchrotron emission and inverse-Compton gamma-ray emission provides a very natural explanation for the multiwavelength observations of the Vela X cocoon. The electron spectrum and strength of the magnetic field appear to be remarkably uniform across the cocoon, from distances ∼0.3 pc to > 5 pc from the pulsar wind termination shock. The spectral uniformity, combined with magnetic field strengths > 5 µG, reinforces the need for an efficient mechanism to accelerate particles in the cocoon and/or to transport them from the region of the termination shock across the cocoon on timescales well below the synchrotron cooling time. At present, the shape of the electron cutoff, that could provide information on the particle acceleration/transport mechanism, is poorly constrained by the data, owing to the limited coverage in X rays restricted to energies < 10 keV and to limited statistics in gamma rays (resulting from a combination of instrumental limitations and an intrinsic steep decline of the fluxes from the Klein-Nishina suppression of inverse-Compton emission). However, the datasets start constraining the level of turbulence in the cocoon magnetic field.
